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ABSTRACT
Agricultural extension in the Global South can benefit greatly from the use of modern
information and communication technologies (ICT). Yet, despite two decades of
promising experiences, this potential is not fully realized. Here, we review the
relevant research literature to inform future investments into agricultural
information services that harness the full potential of digital media. We describe
a recently emerging innovation agenda that is, in part, a response to the eventual
failure of many new agro-advisory initiatives. One important cause of failure has
been a focus on pushing certain technologies, rather than responding to the
particular communication challenges of potential users. To avoid such bias in
designing new services, the new innovation agenda rests on two major
foundations: strong user-centredness and problem-orientation. In our review, we
first describe how user-centred design methods help in specifying both problems
and (digital) solutions in agricultural extension. To inform responses to the
communication challenges defined by that analysis, we then describe eight
emerging aspects of using ICT for development, and how they can address common
deficiencies of agricultural extension. Practical examples from the literature highlight
the possibilities and limitations of these innovation directions. Beyond digital design,








Recent technological development has generated high
expectations about the future role of modern infor-
mation and communication technologies (ICT) for agri-
cultural advisory services in smallholder farming
context (Aker et al., 2016; Deichmann et al., 2016). Inter-
est in improving agricultural extension by digital media
is high because established methods, such as Training-
and-Visit or Farmer Field Schools, have not always
achieved desired outcomes in terms of technology
adoption or livelihood improvements (Faure et al.,
2012; Taye, 2013). Many of the current limitations of
agricultural advisory (agro-advisory) services are due
to imperfect information flows between the stake-
holders of a complex knowledge system, including
farmers, traders, processors, extension agents, and
researchers (Faure et al., 2012). But widespread access
to mobile telephones has created new possibilities to
support these information flows. In contrast to tra-
ditional mass media (such as radio, television, posters),
mobile phones allow farmers to actively engage in
more sophisticated information exchange through
two-way communication. Therefore, it is expected that
more intensive use of modern ICT can help to improve
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the performance of agricultural extension (Duncombe,
2015; Nakasone & Torero, 2016). Examples of new
digital agro-advisory services include SMS-based
market information services, call centres for technical
farm advice, facilitation of farmer-to-farmer knowledge
sharing via participatory video, or decision support
systems implemented as smartphone apps (Aker,
2011; Aker et al., 2016; Baumüller, 2018).
The first decade of experience with digital agro-
advisory services for smallholder farmers has,
however, demonstrated that ICT solutions are not a
panacea. Effects on farmers’ decision-making have
often been weak (Baumüller, 2018; Nakasone et al.,
2014). Digital advisory applications have frequently
suffered from a lack of feedback mechanisms and
mismatches with farmers’ information needs, their
technological capabilities and habits, timing of infor-
mation delivery, or insufficient trust in information
sources (Aker et al., 2016; Fabregas et al., 2019; Sulai-
man et al., 2012; Wyche & Steinfield, 2016). These
shortcomings have led to the discontinuation of
many services after initial funding ended, as they
did not succeed to sufficiently engage policy-
makers or to develop into viable business models
(Qiang et al., 2012).
The literature on ICT for development (ICT4D) attri-
butes the often-disappointing performance of digital
information services to ‘design-reality gaps’: design pro-
cesses for new information services are often centred
around specific technologies and informed by strong
technological rationality (Heeks, 2002). As a result, the
features of new ICT4D services tend to be based on
flawed assumptions about the reality of users, including
their information needs and technology usepreferences
(Dodson et al., 2013; Masiero, 2016). These experiences
suggest that: Firstly, the development of digital advisory
applications should be based on co-design with diverse
future users to develop solutions that address the needs
and perspectives of local stakeholders (user-centred-
ness). Secondly, the choice of technology should be
driven by an analysis of the communication challenges
affecting agricultural extension services, rather than by
the possibilities of particular digital technologies
(problem-orientation).
To put these two principles into practice, a new
research and design agenda for digital agricultural
extension is already taking shape in recent work. The
goal of this paper is to describe emerging concepts
that contribute to this agenda, and to inform the
design of new digital advisory services by illustrating
their possibilities and limitations.
2. User-centred design of digital agro-
advisory services
The first pillar of the new digital innovation agenda for
agricultural extension is an increased use of user-
centred design approaches. This is a recent develop-
ment: in the past, many digital information services
in low- and middle-income countries were created
by technology enthusiasts with a promising idea.
Often, funding came from international donors,
which demanded a well-planned service design
before paying for its implementation (Dodson et al.,
2013). This focus on proof-of-concept studies has
caused many novel services to suffer from overly
rigid pre-planning, where developers determined the
technological options prior to intense interaction
with the targeted user groups. Such rigid pre-planning
has frequently hindered subsequent, flexible adap-
tation of the original ideas in interaction with prospec-
tive users, and thus contributed to failure (Dodson
et al., 2013; Heeks, 2002). In practice, however, new
insights about local information needs, user prefer-
ences, and capacities often arise during the design
process and challenge the initial assumptions. The
use of participatory design methodologies involves
iterative feedback cycles during the specification of
solutions (Tongia & Subrahmanian, 2006).
User-centred design of products and services pre-
dates the emergence of digital agro-advisory appli-
cations (Norman, 1988). Now, multiple user-oriented
design methodologies for the development sector
exist, often referred to as ‘human-centred design’
(Bazzano et al., 2017). For example, global design
company IDEO provides a comprehensive approach
for developing tools and services together with users
(IDEO.org, 2015). This design process consists of
three steps: (1) Inspiration: getting to know the
design challenge and the prospective users, (2) Idea-
tion: co-creating tentative tools and services with
users in rapid iterative cycles, and (3) Implementation:
testing and refining design prototypes in a real-life
context. A recent use case of user-centred design for
agricultural information services is described in Box 1.
Stimulating user feedback at early stages of the
development of new digital applications is essential.
This ensures that the developed services meet users’
actual communication and information needs and
provide an easy and appealing user experience.
Ongoing, iterative testing of draft designs with
farmers and other stakeholders (see Figure 1) may
generate important insights into which type of
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information service is actually desirable, what a pro-
posed service might be used for, and which types of
user interactions and technologies work best
(Boersma, 2017). Continuously eliciting user feedback
is crucial to identify solutions that are appropriate
for the local context, including literacy levels and the
availability of mobile phones, electricity, or other tech-
nical infrastructure. Useful feedback can be generated
by exposing future users to rough sketches and unfin-
ished products, avoiding mistakes that are more costly
to correct when designs are already highly specified
(Gulliksen et al., 2003; Snyder, 2003). At later stages,
iterative testing of prototypical designs with
different stakeholders may refine the user experience.
This ensures that services are easily understood,
audio-visually attractive, affordable, and fit in with
daily routines (Hassenzahl & Tractinsky, 2006; Wyche
& Steinfield, 2016).
3. Common challenges for agricultural
extension services
The second pillar of the emerging innovation agenda
is a strong focus on the specific problems affecting the
performance of agricultural extension. Instead of
looking for use cases for certain technological
innovations, prospective designers of new services
need to interact closely with farmers and agricultural
advisors to identify existing deficiencies of extension,
which may vary greatly by context. To support the
subsequent, informed selection of technological sol-
utions, this section provides an overview of common
communication challenges in agricultural extension
services (see Table 1). Following an established frame-
work for analyzing agricultural extension systems
(Anderson & Feder, 2004), we describe key challenges,
grouped by the three main stakeholder groups rel-
evant to extension services: (1) scale and complexity
(farmers), (2) weak alignment with research activities
(researchers), and (3) lack of evidence on outcomes
(policy-makers and donors). A fourth major challenge
relates to the dependence of the extension system on
the wider policy environment.
Scale and complexity. Agricultural extension ser-
vices must often reach a large and widely dispersed
farming population characterized by diversity in
opportunities, constraints, individual aspirations, and
consequently, information needs. But public and
private extension services often lack the resources
required to adequately address this diversity through
conventional extension approaches. Important restric-
tions include limited staff time and the transportation
costs associated with farm visits and individual face-
to-face interactions. As a result, advisory services
often resort to broadcasting relatively generic advice
to the heterogeneous farming population or count
on horizontal spillover effects from a focus on few,
often larger and better-endowed households (Feder
et al., 2010; Taylor & Bhasme, 2018). These types of
biased rationing often mean that the quantity and
quality of advisory contacts are compromised
especially for the poorest farmers, women, and
spatially remote households.
Weak alignment with research activities. Agricultural
research and agricultural advisory are often carried out
by separate organizations, under separate govern-
ance, and with different goals (Davis, 2008). For
example, research organizations may aim for publi-
cation output, while extension services follow a
specific technology transfer agenda. As a result,
research priorities do not always correspond with
the information needs of farmers or extension staff.
In turn, potentially beneficial research outputs are
not always widely disseminated by the advisory ser-
vices (Belay, 2002). The differences in governance
and incentives often hinder the much-needed tran-
sition from mostly linear to more systemic approaches
Box 1. Developing a digital information service through user-
centred design.
In 2018 and 2019, researchers from Bioversity International
adapted IDEO’s Human-Centered Design methodology (see
Section 2) to develop a digital agro-advisory service in Tanzania
(Ortiz-Crespo et al., 2020). In the ‘Inspiration’ phase, interviews
with smallholder farmers and extension agents generated
information about current challenges and preferences around
information flows in agricultural advisory. Extension agents stated
being overburdened with telephone calls by farmers, at times
being unable to pick up calls. It was found that many farmers
enjoyed agricultural radio shows, but often missed them or found
them irrelevant. In the ‘Ideation’ phase, the design team used
these insights to generate a design concept: an automated
telephone hotline providing on-demand audio content should
answer farmers’most common questions. The same hotline would
record farmers’ additional questions. Advisors should thereby
have fewer questions to answer overall, as frequent issues would
already have been dealt with by the existing, recorded audio
contents. In prototyping sessions with farmers and advisors, these
ideas were shared, discussed, and ‘simulated’, for example, by
acting out different types of interactive voice response (IVR)
menus (cf. Figure 1). The design was further specified based on
users’ ideas, opinions, and their observed behaviors in the
simulations. In the ‘Implementation’ phase, a working service
prototype was created and tested for a predefined period of time
with a group of farmers and advisors. The pilot revealed the need
for further modifications to the service.
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in knowledge generation and dissemination (Klerkx
et al., 2012).
Lack of evidence on outcomes. It has been challenging
to attribute changes in farmers’ decision-making, farm
performance, and livelihoods to the activities of agricul-
tural extension (Knook et al., 2018; Taye, 2013). This
means that, firstly, advisory staff is not evaluated consist-
ently on the basis of their performance. Therefore, they
are rarely incentivized to improve the effectiveness of
their advice (Davis, 2008; Jones & Kondylis, 2018). Sec-
ondly, extension services hardly produce robust evi-
dence on effects, aside occasional impact evaluations.
Consequently, policy-makers can be inclined to shift
funds to other sectors that demonstrate a more
evident return-on-investment (Anderson & Feder,
2004; Anderson et al., 2006). To achieve policy outcomes
that are more visible, public advisory staff are often
charged by their supervisors with tasks that relate to
other public duties, such as collecting statistics or distri-
buting inputs (Anderson& Feder, 2004; Belay, 2002). The
absence of simple and reliable mechanisms for report-
ing activities and effects of agricultural extension to
policy-makers causes unreliable funding. This, in turn,
further weakens the actual potential for positive
outcomes.
Dependence on the broader policy environment. The
effectiveness of agricultural extension will often
depend on institutions and political decisions that
are not directly linked to the knowledge dissemination
sector. Examples include the regulations governing
credit availability, subsidies for agricultural inputs, or
taxes on agricultural trade. In addition, political and
organizational cultures inside the extension system,
such as strong hierarchies, can affect how extension
agencies learn, build capacities, and embrace necess-
ary organizational change (Müller et al., 2019; Rivera,
2011). Given that these aspects are difficult to
influence directly through digital design, we will
explore this point further in Section 5.
4. Eight recent innovation directions to
address communication challenges
4.1 Scaling information delivery due to lower
per-unit cost of dissemination
Many extension services worldwide employ ICT,
including radio and television, to rapidly disseminate
information to a broad audience. Mass dissemination
of agricultural information with little contextual
Figure 1. ‘Testing IVR-style interaction with farmers using flashcards’ (Figure reproduced with permission from Patel et al., 2010). Early-stage
prototyping activities with target users, before investing into actual software programming, may generate crucial insights into communication
needs, habits, and preferences.
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adaptation can be appropriate in some cases, for
example, for seasonal climate forecasts. Because deli-
vering this type of information via ICT is cheaper
than via visits by extension personnel, higher
numbers of farmers can be reached by an information
intervention with given resources (Aker, 2011). In
addition, the use of digital communication can miti-
gate the geographic bias often observed with conven-
tional face-to-face dissemination methods, which tend
to concentrate on farmers living near large settle-
ments or good roads.
In practice, however, farmers often miss radio or TV
broadcasts because they are busy with farm labour or
household chores, or because contents are perceived
as irrelevant (Mwombe et al., 2014). New mobile
phone-mediated services can address these limit-
ations by enabling farmers to request the information
they are interested in, at times that suit their individual
availability (Baumüller, 2018). Self-selection of users
through subscribing to certain types of messages
allows matching information supply and demand on
an individual basis. In Ghana, for example, farmers
can sign up for the ‘Esoko’ service, which sends
biweekly market price alerts via SMS. These notifica-
tions increased farmers’ bargaining power, allowing
them to negotiate higher farmgate prices for maize
and groundnut (Courtois & Subervie, 2015).
Mobile applications can alleviate some spatial
biases in the selection of extension targets. But
access to mobile phones, as well as other ICT, is
often unequally distributed (Aker et al., 2016; Blumen-
stock & Eagle, 2012). As a result, the use of mobile
phones for agricultural information transfer can also
aggravate information asymmetries between traders
and farmers, wealthier and poorer farmers, or men
and women. Inclusive scaling of extension activities
thus implies the integration of digital communication
within pluralistic advisory services that use different
communication channels, including digital and ana-
logue ones (Birner et al., 2009; Sulaiman et al., 2012).
Table 1. Major challenges affecting the performance of agricultural extension services, and recent innovation directions for responding to these
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INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY 5
In Tanzania, for example, a multi-channel ‘campaign’
approach to agricultural extension, integrating disse-
mination via interactive radio, SMS, field demon-
strations, and other channels, led to higher uptake of
promoted technologies than any channel alone
(Hampson et al., 2018).
4.2 Tailoring advisory contents to individual
users through two-way communication
Smallholder farming is characterized by strong diver-
sity in biophysical conditions, input use, aspirations,
and other dimensions. Extension services need to
address this diversity, which can be done by delivering
different advisory messages to different farmers. This
is challenging with conventional extension formats
that often aim at broad adoption of standardized tech-
nologies. Digital two-way communication via farmers’
mobile phones allows the collection of data on indi-
viduals’ households, farms, or even plots, which can
then be used to select and return individually custo-
mized advisory contents. But to be useful in practice,
data collection should demand very little time and
effort from farmers (Rosenstock et al., 2017). Therefore,
the advisory application must use household indi-
cators that need little data but are at the same time
predictive of farmers’ information preferences or
needs (Steinke et al., 2019). Viable implementations
of this trade-off between rapidness of data collection
and household-specificity of advice exist. For
example, Carmona et al. (2015) have developed a
simple scoring system that gives recommendations
on pesticide application (apply/don’t apply) based
on plot-level answers to ten questions about farming
practice, rainfall, the desired use of the produce, and
other aspects (Figure 2). The system, targeted at com-
mercial soybean farmers in Argentina, has been
implemented as a smartphone application called
‘AgroDecisor’, where farmers input data and receive
direct feedback (Carmona et al., 2018).
For more resource-poor smallholder context,
similar smartphone apps for decision support exist
but generally address extension agents, rather than
the farmers. One such example is ‘RiceAdvice’,
created by AfricaRice (riceadvice.info). In smallholder
context, however, conventional mobile phones also
Figure 2. The ‘AgroDecisor’ smartphone application (Carmona et al., 2018) uses two-way communication to provide tailored advice: (a) Argen-
tinian soybean farmers answer ten key questions, for example, about rainfall quantity. (b) The application calculates a plot-specific susceptibility
score and gives a recommendation on fungicide application.
6 J. STEINKE ET AL.
have the potential for users’ autonomous data entry in
two-way communication interfaces, for example,
through unstructured supplementary service data
(USSD) or IVR technologies (Patnaik et al., 2009).
Hammond et al. (2017), for example, describe a
modular household survey that was designed for sim-
plicity, speed, and integration in digital applications
(e.g. by avoiding open questions). In many low- and
middle-income countries, recent developments in
mobile money services imply that mobile phone
users have become widely acquainted with short,
automated data entry through USSD and IVR technol-
ogies (GSMA, 2017).
4.3 Supporting farmer-to-farmer sharing of
experiences
Many agricultural advisory services treat farmers as reci-
pients, not originators, of advisory contents. Farmers
can, however, be more likely to act upon advice from
peer farmers than from formal organizations, such as
extension services (Hoffmann et al., 2007; Krishnan &
Patnam, 2014; Patel et al., 2013). Thus, integrating
different knowledge cultures (formal, informal, local,
experiential) may be crucial for successful agricultural
innovation processes (Šūmane et al., 2018). Mobile
phone-mediated services can facilitate such inte-
gration. One example is the ‘Ushauri’ hotline (Ortiz-
Crespo et al., 2020). In this automated hotline, farmers
have access to pre-recorded advisory audio messages
that compile information provided by agricultural
researchers, extension staff, and experienced farmers.
Modern ICT offers many opportunities to collect,
organize, and horizontally share knowledge inputs
from farmers. For example, in ‘Avaaj Otalo’, a phone-
accessible agro-advisory service from India, the most
popular feature was a moderated voice-based discus-
sion forum for the exchange of experiences and ques-
tion-answering among farmers who would not
otherwise meet in person (Patel et al., 2010). For tech-
nologically more advanced contexts, the ‘GeoFarmer’
system allows users to submit observations and ques-
tions via a smartphone application (Eitzinger et al.,
2019). Other users can then comment, answer, or
‘up-vote’ contributions perceived as useful, and the
service highlights best-voted contributions as best-
practice.
These types of systems for peer-to-peer sharing of
experiences may require careful supervision by exten-
sion staff, as farmers’ successful experiences may not
in all cases be applicable to other contexts. Thus,
efforts for curation and explicit contextualization of
farmers’ contributions are likely indispensable. To
incentivize the contribution of (accurate) answers to
other farmers’ questions, digital applications can
award points and scores to individual registered
users. This could eventually ‘unlock’ privileges in the
extension system, such as becoming a farmer-to-
farmer trainer. In non-farming contexts, point-based
reputation systems are already widely established for
encouraging knowledge exchange in voluntary
online peer-to-peer advice fora such as quora.com or
stackoverflow.com.
4.4 Increasing client-orientation of research by
crowdsourcing farmers’ information needs
Various participatory methodologies for involving
farmers in agenda setting for agricultural research
exist (Neef & Neubert, 2011; Schut et al., 2016). Yet
in practice, the relative resource-intensity of these
approaches and the difficulty of scaling results imply
that research priorities are often defined via rather
top-down decision making. With digital agro-advisory
applications, useful insights into farmers’ changing
knowledge needs could be generated as by-products
of farmers’ use of the service itself. Take as an example
Google, which as a company knows much about its
users’ interests and knowledge needs – not by
asking them directly, but by analyzing users’ queries
to its service, an online search engine. Google’s ‘tren-
dspotting project’ has demonstrated the value of
these data for predicting emerging consumer trends
(such as the ‘next big thing’ in the beverage market),
potentially sparking private research, marketing and
investment (Trendspotting Project, 2017).
Similar analyses seem feasible within digital agro-
advisory applications. In India, for example, farmers
called the ‘Lifelines’ hotline and recorded questions,
which were sent to an online platform as voice mess-
ages (Haider Rizvi, 2011). Advisory staff listened to
each question, manually attributed keywords, and
searched for an adequate answer in an existing data-
base of expert voice messages. With roughly 350
calls per day during peak agricultural season, and
each call being tagged with keywords, ‘Lifelines’ accu-
mulated substantial data about farmers’ information
needs (Figure 3) (Glendenning & Ficarelli, 2012;
Haider Rizvi, 2011). This kind of quantitative analysis
of farmers’ question topics is also presented for
‘Avaaj Otalo’ (Patel et al., 2010) and ‘Ushauri’ (Ortiz-
Crespo et al., 2020). The identified information needs
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do not necessarily correspond directly to research
gaps. Nonetheless, recurrent analysis of the keywords
in farmers’ questions may highlight emerging topics
that are not yet adequately understood by research.
In the future, speech recognition software and artificial
intelligence could make the tedious process of manu-
ally tagging each question with keywords obsolete
(Bali et al., 2013). Voice message-based agro-advisory
services could then provide inputs to research
agenda-setting through (1) identifying the topics
farmers are asking questions about, (2) verifying if ade-
quate answers are available in a formal body of knowl-
edge, and (3) determining which information gaps still
exist and could be relevant to be addressed by new
research.
4.5 Supporting farmer experimentation and
observation through agricultural citizen
science
In recent years, researchers have emphasized the need
for co-creation of innovation, rather than linear knowl-
edge transfer from research via extension to farmers
(Kilelu et al., 2013; Klerkx et al., 2012). Extension ser-
vices can play an important role in engaging farmers
in knowledge generation, for example, by supporting
on-farm experimentation and systematic observation
(Hoffmann et al., 2007; Sumberg et al., 2003). Agricul-
tural researchers, on the other hand, may benefit from
farmers’ increased participation in agricultural
research through rapid replication of trials in diverse
environments (Cock et al., 2011). Through the use of
digital communication and appropriate method-
ologies that safeguard data quality, large numbers of
individual farmers can make meaningful contributions
to agricultural research projects. Such ‘citizen science’
experiments can speed up the generation of research
outputs, such as the development of new crop var-
ieties, at reduced costs compared to on-station trials
under researcher supervision (Fadda & van Etten,
2019; Van Etten et al., 2019a). Even without assigning
experimental treatments, crowdsourcing simple on-
farm observations from farmers can lead to important
insights, such as the detection of crop pest and
disease outbreaks (Chancellor et al., 2019; Mutembesa
et al., 2018).
Setting up citizen science experiments requires
careful research design. Crowdsourcing requires split-
ting a big research task into many experimentation or
observation ‘micro-tasks’ to be carried out by partici-
pating farmers. This is followed by the compilation
and analysis of large, potentially noisy datasets
(Conrad & Hilchey, 2011). Modern ICT can greatly facili-
tate these efforts. In recent years, specially designed
digital platforms have reduced transaction costs for
crowdsourcing observations from many users (Minet
et al., 2017; Sullivan et al., 2014). One example is the
‘ClimMob’ online platform (see Box 2), which allows
researchers and extension services to design crowd-
sourced experiments to test agricultural technologies
(Van Etten et al., 2017). The spread of mobile phones
now makes it possible to collect simple, but accurate
on-farm observations from farmers without on-site
researcher intervention (Daum et al., 2018; Steinke
et al., 2017). In India, Eastern Africa, and Central
America, for example, researchers have collaborated
with local extension services to carry out variety evalu-
ation trials of annual field crops together with hun-
dreds of farmers (Van Etten et al., 2019a). Getting
access to seeds and learning about new crop varieties
Figure 3. Quantitative overview of topics of farmers’ questions submitted to the ‘Lifelines’ hotline in India. Extension staff listen to each question
and assign specific thematic keywords, such as ‘disease’ or ‘marketing’. A more in-depth analysis of the topics farmers are asking about may allow
identifying and prioritizing research needs. Figure adapted from Haider Rizvi (2011).
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motivated farmers to participate in citizen science
experiments and deliver on-farm observation data
(Beza et al., 2017). For researchers, the farmer-gener-
ated data had value for assessing the qualities of the
varieties (Van Etten et al., 2019b).
4.6 Monitoring and evaluation by analyzing
usage data from digital services
Assessing the quality and performance of advisory ser-
vices is challenging without adequate metrics. Several
proxy indicators are in use, such as the number of staff
employed, or the budget spent (Anderson & Feder,
2004; Jones & Kondylis, 2018). But these input-
related measures are not necessarily informative
about the quality of services provided to the recipients
of advisory. Digital agro-advisory applications can,
however, log users’ access and use of the service.
This ‘usage data’ can be used to calculate more mean-
ingful indicators about extension delivery. Examples of
such indicators may be the number of farmers
reached, how often per season each farmer accessed
the service, or how many messages per user were
delivered (see Patel et al., 2010).
An illustration of service utilization indicators is pro-
vided by the 2019 pilot implementation of the
‘Ushauri’ hotline in Tanzania (Figure 4; see Ortiz-
Crespo et al., 2020). During the 4-week pilot, 86
percent of registered farmers called the ‘Ushauri’
hotline, making an average of 4.6 calls each. Fifty-six
percent of all callers navigated the IVR menu to an
end node (listening to an audio message or recording
a question). This type of data allows benchmarking
against previous versions of the hotline, as well as
other services. This way, digital advisory delivery
generates empirical numbers that inform auditable
and comparable statements about the overall per-
formance of extension service. Any future modifi-
cations of the service or its contents can then be
assessed against that baseline, to iteratively improve
the quality of extension delivery.
For donors and policy-makers, the performance
data allow linking incentives and targets for extension
agencies both to their observed absolute reach (e.g.
total number of farmers accessing the service, or
total number of extension messages delivered) and
relative ‘conversion rates’, such as the number of
messages delivered per user, or the share of active
users within the population. Using mobile phones to
directly elicit farmers’ satisfaction with services is poss-
ible (see Section 4.8 below). Results can be biased,
however, because users who choose not to use the
service – for example, by terminating the call after lis-
tening to a number of irrelevant information options –
do not provide feedback (Jones & Kondylis, 2018).
Conversion rates could serve as simple and empirical
proxy metrics for the quality and farmer-perceived
usefulness of advice.
4.7 Measuring impacts by remote household
surveying integrated into advisory
applications
It is generally difficult to measure the impacts of agri-
cultural extension on agricultural practice and
Box 2. ClimMob: Crowdsourcing on-farm experimentation with
agricultural technology.
The ClimMob software (climmob.net) is a free online tool for
designing, managing, and analyzing large-scale agricultural
experiments using an on-farm citizen science methodology (van
Etten et al., 2017; van Etten et al., 2019b). ClimMob systematically
splits a large task of evaluating multiple agricultural technologies
in different environments and assigns feasible mini-experiments
to individual farmers. The corresponding ClimMob smartphone
application is used by researchers and extension agents to collect
and compile the farmer-generated data. While communication
with farmers is not being automatized, the use of ICT allows rapid
integration of the diverse inputs from large numbers of farmers,
mediated through many field agents. This allows agricultural
research to involve high numbers of farmers with low supervision
effort, compared to more researcher-led participatory research
methodologies.
Figure 4. Two conversion rates from a pilot implementation of the
‘Ushauri’ hotline in Tanzania (Ortiz-Crespo et al., 2020). Eighty-six
percent of all registered farmers called the service at least once and
listened to the available options in the IVR menu. Fifty-six percent
of these callers eventually selected an option, i.e. listened to an
audio message or recorded a question.
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livelihoods of farming households. This is due to the
complexity of possible impact pathways, a frequent
lack of reliable household data, and the difficulty
and costs of implementing randomized control trials
(Knook et al., 2018; Taye, 2013). Although high-
quality panel data are available for many countries,
they rarely include information on access to agricul-
tural extension services (Carletto et al., 2010). More-
over, such surveys are time-consuming and
laborious, and are therefore often only carried out in
time intervals of 10 years or more.
Mobile phone-mediated services can address this
challenge by integrating the continuous collection of
panel data directly with the delivery of advisory con-
tents through digital two-way communication pro-
cesses. For example, the Ethiopian Agricultural
Transformation Agency’s ‘irrigation help line’ uses an
IVR interface to request callers’ location, gender, and
level of irrigation experience. Based on these data, advi-
sory messages are selected (ATA, 2014). In this service,
the entry questions are fixed and serve to characterize
the user, in order to deliver suitably selected messages.
It would just go one step further to use this kind of
service for a more complete household characteriz-
ation. Comprehensive questionnaires could be broken
down into small bits of a few questions. These partial
questionnaires can be administered progressively
each time registered users access the service. The
system could collect and store a range of relevant
farm and household indicators from many farmers
over the course of time, for example, about input use,
crop diversity, or farm productivity. An important con-
sideration would be the use of simple, standardized
indicators and questionnaires that can be rapidly
recalled via digital interfaces (Hammond et al., 2017).
An example of this is the ‘5Q’ approach, originally
developed for monitoring farmers’ awareness and
adoption of climate-smart practices (Jarvis et al.,
2015). By periodically asking target farmers five stan-
dard questions through automated IVR calls, farmers
are grouped along categories such as ‘unaware’,
‘aware’, or ‘doing’. Over time, this information provides
insights into changes in farmers’ knowledge and prac-
tice (Eitzinger et al., 2019). The enumeration of such
mini-questionnaires can be integrated within digital
advisory delivery applications. When the information
is also used to target different contents to different
farmers, as with the irrigation helpline in Ethiopia,
farmers are incentivized to provide accurate data.
The collected data about farm activities and per-
formance can eventually be linked with data on the
respective farmers’ information access (i.e. how often
they used the service, which messages they listened
to, etc.). This opens opportunities for attributing
effects of the service. This does not solve the problems
of endogeneity and the lack of a control group, which
affect many impact evaluations of extension services.
But differential effects of different types of information
(e.g. about agronomy, marketing, or value-adding) on
different outcome indicators (e.g. yields, income, nutri-
tion) may be traced in a statistically sound way.
4.8 Increasing the accountability of advisory
providers by crowdsourcing user evaluations
within digital services
The innovation directions discussed in the two pre-
vious sections dealt with indirect assessments of advi-
sory performance via usage data from digital
applications. Digital solutions also offer more direct
opportunities for increasing the accountability of advi-
sory providers towards their clients. Feedback mech-
anisms, where farmers rate the quality of advice, can
be built into digital two-way communication around
agricultural advice. Users of the advisory application
may actively generate useful data, using IVR touch
tones (e.g. ‘Give a grade from 1 to 5’) or simple
speech recognition of standardized rating words
(e.g. ‘In this message, did you learn anything new?
Please say either yes or no.’). Such crowdsourced,
user-generated feedback could then be used to
increase the accountability of advisory agencies
towards donors and policy-makers in similar ways as
the digital service usage data (see Section 4.6).
To achieve useful evaluations, designers need to
carefully balance conflicting requirements for standar-
dized and open feedback formats: simplistic ratings
and yes/no questions can generate more actionable
data than open feedback, but also prevent important
contributions on other aspects (Grossman et al., 2018;
Jones & Kondylis, 2018). The sense of empowerment
that comes with being asked for feedback, however,
can also increase farmers’ overall demand for advice,
leading to increased use of an agro-advisory appli-
cation (Jones & Kondylis, 2018).
On the supply side, making ratings publicly avail-
able can increase the pressure on advisory agencies
to deliver satisfactory services. In an experimental
study, Pakistani livestock farmers contributed data
about the costs and successes of paid artificial insemi-
nation services by local veterinarians, and their overall
satisfaction with the provider (Hasanain et al., 2017).
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Means of these three performance indicators, for mul-
tiple artificial insemination providers, were then
shared back with farmers via telephone calls.
Farmers with access to that information subsequently
experienced higher insemination success rates
without switching the provider, suggesting that trans-
parent monitoring led to increased efforts among
veterinarians. Here, the public availability of user
evaluations created an increased pressure to perform.
While the small-scale study by Hasanain et al.
(2017) used regular telephone calls, this type of infor-
mation service could also be fully automated, using
IVR, push-calls, or SMS to facilitate two-way infor-
mation exchange between farmers and the service.
An important limitation to the use of crowdsourced
evaluations relates to the self-selection of users,
since only active users of a digital service also rate
its contents. Consequently, these ratings can be
used to compare the quality of different contents
within the information service, but have limited
value for assessing the overall usefulness of the
digital application.
5. Beyond digital design: institutional
support for the new innovation agenda
Over the last decade, the international development
community has produced numerous promising
examples of how digital media can serve agricultural
advisory. Our review shows that successful digital
design must emphasize user-centredness and
problem-orientation, giving shape to the new inno-
vation agenda. But taking full advantage of the digital
revolution for agricultural extension will likely require
more than good digital design. To avoid disillusionment
with this new innovation agenda, appropriate insti-
tutional support is needed. We suggest seven needs
that should be addressed by researchers, designers,
policy-makers, and extension service providers.
5.1 Digital solutions should address the
diversity of users in a positive way
The widespread uptake of digital innovation has
sometimes been limited by differences in the degree
of access to mobile phones, related to factors such
as gender or wealth status (Deichmann et al., 2016;
World Bank, 2016). In addition, differences in techno-
logical literacy or the willingness to invest in airtime
or data bundles imply that a new digital service may
have disparate rates of adoption across different
user groups. Some researchers have argued for delib-
erately targeting tech-savvy ‘lead users’ (Patel, 2010).
However, user diversity can also be factored into the
design of new services, by allowing users to adopt
different roles and responsibilities. Applications for
farmer-to-farmer knowledge sharing (Section 4.3) or
agricultural citizen science (Section 4.5), for example,
offer opportunities for diversifying users’ roles and
responsibilities. Not all roles may require access to a
personal mobile phone or digital literacy in order to
benefit from the service. It is also clear, however,
that digital extension applications will not replace
classical face-to-face advisory in the foreseeable
future, and will, therefore, need to fulfil complemen-
tary functions (Matous et al., 2015). The most margin-
alized farmers, such as illiterate women, are often
excluded from agricultural advisory services, but also
tend to have limited access to digital media. Deliber-
ately putting these people at the centre of user-
centred design processes can lead to solutions that
cater to their specific needs and conditions. This
includes careful consideration of the information
channels and the specific interfaces through which
users are able to interact with digital systems. Inter-
faces do not need to be restricted to mobile phones
but can include analogue interfaces to digital services
(e.g. scannable paper forms) or physical access points
(e.g. a market booth).
5.2 Digital innovation should be treated as a
modern farm input
Disappointing rates of early adoption and use must
not imply the failure of a digital information service.
Rather, farmers’ decision-making on whether to use
and act upon a new information source follows
similar considerations as with new farming technology
or inputs. Therefore, the design and introduction of
digital services should mind the established character-
istics of successful innovations, such as trialability and
observability (Rogers, 2003). As with any new agricul-
tural technology, investments into promotional inter-
ventions may be needed to increase adoption. This
means that beyond creating a well-designed and
useful service, achieving adoption may also require
classic advertisement campaigns as well as support
by local authorities or farmer organizations (Christen-
sen et al., 2019). Governments may consider public
subsidies for information services offered by private
companies, in analogy to subsidies for seeds, fertili-
zers, and other agricultural inputs.
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5.3 Local capacity is needed for maintaining
new services
Many promising services fell out of use when the
reality of farmers moved on, while services did not
evolve. Future initiatives need to place emphasis on
building the local capacities needed to continuously
analyse changing user requirements, develop the
service, and generate new contents. For extension ser-
vices, maintaining digital services likely requires
investments in staff training (Heeks, 2002). But good
design may help, too: procedures for running and
updating the information service need to be user-
friendly and engaging.
5.4 Innovation needs to go large scale
Many of the innovation directions presented here
involve direct network effects. That is, the more
farmers use the service, the greater the benefit for
each farmer. The opportunities and benefits of
farmer-to-farmer knowledge sharing (Section 4.3) or
different forms of crowdsourcing (Sections 4.4 and
4.5), for example, increase with growing numbers of
active users. Relatively small-scale experimental
proof-of-concept studies have now shown the feasi-
bility of the solutions in principle, for example, in
terms of user capacities and types of outputs gener-
ated. The next step for researchers and policy-
makers is to test the viability of the concepts pre-
sented here as integral elements of a regional exten-
sion system, by integrating elements of digital
communication into existing farmer-advisor relation-
ships. Growing experiences with ICT applications as
part of routine activities of agricultural advisory ser-
vices will likely generate further evidence on realistic
opportunities and challenges ahead.
5.5 Digital feedback loops need to be set up at
extension agencies
Some of the concepts presented here require poten-
tially large datasets to be translated into easily com-
municable, actionable insights for researchers and
policy-makers. Designing and employing appropriate
algorithms to make sense of the data accumulating
within the applications is key, for example, to
defining research needs from farmers’ search queries
(Section 4.4), or to creating monthly overviews of
farmers’ service usage for extension supervisors
(Section 4.6). Given political support, a small team
with knowledge in statistics and programming could
be set up within the public extension service. Such a
team could create, monitor and adapt the required
data loops that link the inputs and outputs of digital
advisory service with routines of internal reporting,
monitoring and evaluation.
5.6 Extension providers must co-evolve with
technology
Tapping the full potential of the use of digital media
will require many public extension services to reduce
centralized, top-down decision-making in favour of
stronger decentralization and diversification of advi-
sory services. Beyond technological innovation, this
implies new roles, redistribution of inter-organiz-
ational power, and a need for training at all levels
(Heeks, 2002; Rivera, 2011). For example, extension
agents need to be enabled to act independently and
effectively upon information from new ICT appli-
cations (Müller et al., 2019). This new role may
require substantial revisions to the training curricula
of extension staff. Data analysis skills, as well as
general digital literacy, are likely to be fundamental
to the large-scale deployment of digital agro-advisory
services (Eastwood et al., 2019).
But digital media may also improve the perform-
ance of extension services through new types of col-
laboration with civil society and the private sector,
including outsourcing of advisory activities. For
example, given well-designed mobile agro-advisory
applications, the extension system can accommodate
‘para-extensionists’, who have access to the internet,
and whose role consists of operating the applications
and mediating advisory contents on behalf of other
community members (McCole et al., 2014). Providing
moderate training and supervision to such village-
based knowledge workers can mitigate a persistent
lack of mobile phones or technological literacy
among the wider farming population. Eventually,
extension staff could focus largely on generating advi-
sory contents, whereas local mediation of information
flows and farmer-advisor communication could create
job opportunities for tech-savvy rural youth (Fu &
Akter, 2016).
5.7 Policy needs to embrace digital
development beyond individual projects
Scaling the successes of individual ICT projects to
wider, lasting societal benefit requires supportive
12 J. STEINKE ET AL.
policy towards an inclusive ‘digital society’. This will
likely require public investments, to kick-start inno-
vation processes. For example, recognizing the signifi-
cance of communication and access to information as
vital public goods could permit tax breaks or subsidies
for mobile phone technology, network infrastructure,
airtime, or the development of new information ser-
vices by the private sector.
As new digital business models become increas-
ingly viable, a growing market for advanced program-
ming and digital design skills is likely to stimulate local
capacity for scaling, modifying, and maintaining suc-
cessful pilot projects. Governments can support the
creation of local skills, employment and innovation
in the digital sector by facilitating space, infrastructure,
and institutional linkages at physical ‘tech hubs’ and
‘incubators’ (Kelly & Firestone, 2015). Strategic partner-
ships between public extension providers and private
technology companies may lead to the development
of scalable, locally suitable information services. Such
public-private collaboration, however, must be
embedded in supportive institutional and regulative
configurations, which may require an initial coordi-
nation effort between a variety of public stakeholders,
including from the sectors of agricultural extension,
telecommunication, and public finance (Klerkx et al.,
2019).
Rather than imposing short project-related funding
phases, local governments and international donors
could support the emergence of successful digital ser-
vices through more continued funding of promising
initiatives. Increased investment into initial capacity
building and iterative design processes, instead of
expecting ‘quick wins’, is likely to enable more
flexible and effective adaptation of service prototypes
to changing circumstances.
6. Conclusion
Our review presents a new digital innovation agenda
for agricultural extension that has been taking shape
in recent years. The international development com-
munity has generated many novel options to
address the communication challenges of agricultural
advisory. We suggest our overview can assist
designers of new digital agro-advisory applications
in selecting appropriate solutions for specific com-
munication problems. Stronger user-centredness and
problem-orientation both respond to limitations of
previous design approaches. But the use of mobile
phones, as channels of two-way communication,
creates opportunities to also make advisory services
themselves more responsive to both user demand
and changing communication challenges. Beyond
initial design processes, therefore, tapping the full
potential of these technological opportunities will
also require changes in current work routines and
institutional setups at extension providers. Truly main-
streaming digital innovation will require simultaneous
institutional innovation, which may not be easy to
implement where extension services are highly politi-
cized, bureaucratic, and/or under-resourced. Yet,
creating institutional space for flexible, data-driven,
contextualized and decentralized decision-making in
agricultural advisory is key to realize the full potential
of the emerging digital innovation agenda. Continued
local improvization and adaptation, constant modifi-
cation and maintenance of digital agro-advisory ser-
vices are indispensable to establish successful digital
advisory services in the long run. Therefore, enhancing
local digital innovation capacity within advisory
organizations will help agricultural extension services
in low- and middle-income countries to tap the full
potential of the digital revolution.
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